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ABSTRACT 
In 1978, McDonnell Douqlas Astronautics Company (MDAC) beqan 
discussions with NASA on the opportunities to develop a space 
continuous flow electrophoresis system (CFES) that would 
incorporate specific modifications to their laboratory 
instruments to take advantage of weiqhtlessness. A Joint 
Endeavor Aqreement (JEA) that allocated certain fliqhts on the 
Space Shuttle to MDAC in return for opportunities for NASA and 
interested scientists to do research in the MDAC laboratory and 
on their space instruments was made. 
Under terms of the JEA, NASA was provided an opportunity to 
process two samples on STS-6. All experiment objectives and 
operational parameters, such as applied field, sample residence 
time in the field, and buffer composition had to accommodate the 
MDAC capabilities and NASA fliqht constraints. The NASA 
objectives were formulated so as to include investiqation of the 
sample concentration effects reported by MDAC on STS-4. The 
specific objectives were (1) to use a model sample material at a 
hiqh concentration to evaluate the continuous flow 
electrophoresis process in the MDSC CFES instrument and compare 
its separation resolution and sample throuqhput with related 
devices on Earth and (2) to expand our basic knowledqe of the 
limitations imposed by fluid flows and particle concentration 
effects on the electrophoresis process by careful design and 
evaluation of the space experiment. Because the MDAC 
instrumentation did not include sample mixinq facilities, cell 
separation procedures were precluded and after a variety of 
soluble materials were considered, hemoqlobin and polysaccharide 
were selected as primary samples. The results from space show a 
larqe band spread of the hiqh concentration of the sinqle species 
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of hemoglobin that was principally due to the mismatch of 
electrical conductivity between the sample and buffer. 
The seventh mission of the Space Shuttle carried two 
additional NASA experiments in the CFES instrument. The major 
objective was to evaluate the influence of the electrical 
properties of the sample constituents on the resolution of the 
continilous flow electrophoretic device. A s  expected, the 
polystyrene latex microspheres dispersed in a solution with three 
times the electrical conductivity of the curtain buffer separated 
with a siqnificantly larqer band spread than in to the second 
experiment under matched conductivity conditions. The structure 
of the bands is also different between the samples and laboratory 
experiments have been conducted to further evaluate the phenomena 
affectinq the electrophoresis. The analysis of both fliqht 
results is nearinq completion and a qualitative explanation based 
upon the non-qravity dependent electrical conductivity mismatch 
is beinq developed. 
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1.0 Introduction 
A series of electrophoresis experiments on Apollo [ll, 
Apollo Soyuz Test Project (ASTP) [ 2 ] ,  and Space Shuttle [ 31  have 
been carried out in space to show that disturbances due to 
buoyancy-induced thermal convection and sample sedimentation 
during the separation process are negligible in reduced 
gravity. The experiments to date have been small-scale 
demonstrations of specific principles that have increased our 
knowledge of electrokinetic and fluid dynamic phenomena and have 
supported our long range electrophoresis goals [41. 
Simultaneously, the 1 imitations of ground-based electrophoretic 
separators have been documented [SI , and new concepts have been 
proposed for future experiments [6]. 
Several laboratory instruments have been constructed 
utilizing past developments in the design and operation of 
continuous flow electrophoretic separators by Strickler [71 and 
Hannig [ 8 ]  combined with innovative developments in the field of 
fluids analysis by Saville [9] and Ostrach [ l o ] .  Building on 
these developments the McDonnell Douqlas Astronautics Co. (MDSC) 
designed a continuous flow electrophoresis system that evolved 
from a detailed survey of the requirements for fractionation of 
biological materials. 
In 1978, MDAC began discussions with NASA on the 
opportunities to develop a space continuous flow electrophoresis 
system (CFES)  that would incorporate specific modifications to 
their laboratory instruments to take advantage of 
weightlessness. The first MDAC flight experiments with the CFES 
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o n  STS-4 i n  J u n e  1982 f r a c t i o n a t e d  a p r o p r i e t a r y  t issue c u l t u r e  
medium and e v a l u a t e d  t h e  e f f e c t  o f  s ample  c o n c e n t r a t i o n  u s i n g  
m i x t u r e s  o f  r a t  and egg a lbumin .  MDAC c o n c l u d e d  t h a t  t h e r e  was 
no loss  o f  r e s o l u t i o n  a t  t h e  h i g h e r  c o n c e n t r a t i o n s  processed i n  
space. I n  a d d i t i o n ,  MDAC reported t h a t  t h e  q u a n t i t y  of a l b u m i n  
t h a t  c o u l d  be f r a c t i o n a t e d  i n  t h e  CFES i n  s p a c e  was s i g n i f i c a n t l y  
h i g h e r  ( o v e r  400 t i m e s )  t h a n  t h e  q u a n t i t y  t h a t  c o u l d  be p r o c e s s e d  
i n  t h e i r  ground l a b o r a t o r y  i n s t r u m e n t  d u r i n g  t h e  same t i m e  
i n t e r v a l .  They p r o p o s e d  t h a t  t h e s e  improvements  o r i g i n a t e d  f rom 
b o t h  i n s t r u m e n t  m o d i f i c a t i o n s  and i n c r e a s e d  sample  c o n c e n t r a t i o n s  
p e r m i t t e d  by w e i g h t l e s s n e s s .  
Under t h e  terms of t h e  J E A ,  NASA was p r o v i d e d  an o p p o r t u n i t y  
to p r o c e s s  t w o  s a m p l e s  on STS-6 i n  A p r i l  1983 [ll]. A l l  
e x p e r i m e n t  o b j e c t i v e s  and o p e r a t i o n a l  p a r a m e t e r s ,  s u c h  as  a p p l i e d  
f i e l d ,  s ample  residence t i m e  i n  t h e  f i e l d ,  and b u f f e r  c o m p o s i t i o n  
had to accommodate t h e  MDAC c a p a b i l i t i e s  and  NASA f l i g h t  
c o n s t r a i n t s .  The NASA o b j e c t i v e s  were f o r m u l a t e d  so as to 
i n c l u d e  v a l i d a t i o n  o f  t h e  sample  c o n c e n t r a t i o n  e f fec ts  reported 
by MDAC on STS-4. The s p e c i f i c  o b j e c t i v e s  were (1) to u s e  a 
model s ample  material  a t  a h i g h  c o n c e n t r a t i o n  to e v a l u a t e  t h e  
c o n t i n u o u s  f l o w  e l e c t r o p h o r e s i s  p r o c e s s  i n  t h e  MDAC CFES 
i n s t r u m e n t  and compare i ts  s e p a r a t i o n  and sample  t h r o u g h p u t  
r e so lu t ion  w i t h  related d e v i c e s  on  E a r t h  and ( 2 )  to expand o u r  
basic  knowledge o f  t h e  l i m i t a t i o n s  imposed by f l u i d  f l o w s  and 
p a r t i c l e  c o n c e n t r a t i o n  e f f e c t s  on t h e  electrophoresis p r o c e s s  by 
c a r e f u l  d e s i g n  and e v a l u a t i o n  o f  t h e  s p a c e  e x p e r i m e n t .  
Hemoglobin and a p o l y s a c c h a r i d e  were s e l e c t e d  as p r i m a r y  s a m p l e s  
f o r  STS-6 by t h e  M a r s h a l l  Space  F l i g h t  C e n t e r  (MSFC). 
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The NASA e x p e r i m e n t s  o n  STS-7 i n  J u n e  1983 were i n t e n d e d  t o  
b u i l d  upon t h e  r e s u l t s  o b t a i n e d  on STS-6 [ 1 2 ] .  Because  MDAC 
changed '  t h e  c u r t a i n  b u f f e r  on STS-7 f rom a b a r b i t a l  b u f f e r  (pH 
8 . 3 )  t o  a p r o p i o n a t e  b u f f e r  (pH 5 . 2 ) ,  it was n o t  p o s s i b l e  t o  
p e r f o r m  a f o l l o w - u p  e x p e r i m e n t  u s i n g  hemoglobin  and 
p o l y s a c c h a r i d e  as p r o c e s s e d  on STS-6. The change  i n  pH would 
h a v e  r e s u l t e d  i n  b o t h  t h e  hemoglobin  and p o l y s a c c h a r i d e  becoming 
p o s i t i v e l y  c h a r g e d  and m i g r a t i n g  toward  t h e  c a t h o d e .  P o l y s t y r e n e  
l a t e x  p a r t i c l e s  (PSL)  were, t h e r e f o r e ,  c h o s e n  f o r  s e p a r a t i o n  on 
STS-7 s i n c e  t h e y  are known to  be n e g a t i v e l y  c h a r g e d  a t  p H  5.2 and 
a re  p r o d u c e d  i n  a r a n g e  of s i z e s  w i t h  d i f f e r e n t  s u r f a c e  c h a r g e  
g r o u p s  and s u r f a c e  c h a r g e  d e n s i t i e s .  
2.0 Materials and Methods 
2.1 Electrophoresis Instruments 
The i n t e r n a l  d i m e n s i o n s  of  t h e  s p a c e  CFES ( F i g u r e  1)  
P l e x i g l a s  s e p a r a t i o n  ( f l o w )  chamber is 16 c m  w i d e ,  120 c m  l o n g ,  
and 0.3 c m  t h i c k .  A c o o l i n g  jacke t  c o v e r s  e a c h  b r o a d  chamber  
f a c e  w i t h  o n e  e l e c t r o d e  i n  e a c h  c o o l i n g  chamber  p o s i t i o n e d  
d i a g o n a l l y  across from e a c h  o t h e r  to p r o v i d e  t h e  e l e c t r i c  f i e l d  
across t h e  l e n g t h  o f  t h e  chamber .  The p l a t i n u m  e l e c t r o d e s  are i n  
c o n t a c t  w i t h  t h e  s e p a r a t i o n  chamber  v i a  s l o t s  c u t  i n t o  t h e  
chamber  p l a t e s  and are c o v e r e d  w i t h  a p r o p r i e t a r y ,  p o r o u s  
membrane. The c i r c u l a t i o n  o f  c o o l e d  e l e c t r o l y t e ,  from t h e  b o t t o m  
( f l o w  e n t r a n c e )  o f  t h e  chamber  t o  t h e  top t h r o u q h  a s e r p e n t i n e  
p a s s a g e w a y ,  e s t a b l i s h e s  a u n i f o r m  l a t e r a l  t e m p e r a t u r e  g r a d i e n t  
and  removes  t h e  b u b b l e s  formed a t  e a c h  e l e c t r o d e .  R e c t a n g u l a r  
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Figure  1 Continuous F l o w  E l e c t r o p h o r e s i s  System (CFES) 
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s t r u t s  used  t o  form t h e  c o o l a n t  p a s s a g e  also p r o v i d e  some s u p p o r t  
to  t h e  t h i n ,  s e p a r a t i o n  chamber  p l a t e s .  The sample  e n t e r s  t h e  
chamber  t h r o u g h  a t h i n - w a l l  g l a s s  t u b e  ( 0 . 1  c m  i n s i d e  d i a m e t e r )  
l o c a t e d  11 cm f rom t h e  c u r t a i n  b u f f e r  e n t r a n c e  of  t h e  chamber .  
The b u f f e r  and s e p a r a t e d  sample  f r a c t i o n s  e x i t  a t  t h e  t o p  of t h e  
chamber  t h r o u g h  a c o l l e c t i o n  a r r a y  of 197  Tygon t u b e s  ( 0 . 0 6 8  c m  
i n s i d e  d i a m e t e r ,  0.078 cm o u t s i d e  d i a m e t e r )  which s p a n  t h e  w i d t h  
o f  t h e  chamber .  
2.2 Samples and Buffer for STS-6 
Hemoglobin was s e l e c t e d  a s  t h e  p r i m a r y  sample c a n d i d a t e  
b a s e d  upon i ts:  a v a i l a b i l i t y  i n  l a rge  q u a n t i t i e s  as a s i n g l e ,  
m o l e c u l a r  s p e c i e s ;  v i s i b i l i t y  f o r  e a s y  a n a l y s i s ;  u t i l i t y  a s  an 
e l e c t r o p h o r e s i s  s t a n d a r d  i n  l a b o r a t o r i e s ;  a v a i l a b i l i t y  as  
v a r i a n t s  w i t h  d i f f e r e n t  e l e c t r o p h o r e t i c  m o b i l i t i e s ;  and s t a b i l i t y  
i n  t h e  cyanmethemoglob in  form.  Hemoglobin A (HbA) p r o v i d e d  f o r  
g round  and s p a c e  u s e  was p r e p a r e d  a t  t h e  C e n t e r s  f o r  Disease 
C o n t r o l  ( C D C ) .  S e l e c t e d  from a s i n g l e  d o n o r ,  t h e  HhA w a s  
p u r i f i e d  on an i o n  e x c h a n g e  column,  c o n v e r t e d  t o  
cyanmethernoglobin  and c o n c e n t r a t e d  t o  n e a r l y  11%. The hemoglobin  
w a s  s e n t  t o  MSFC where it w a s  t h e n  d i a l y z e d  a g a i n s t  t h e  f l i g h t  
b u f f e r  and s tored f o r  u s e  i n  t h e  p l a n n e d  e x p e r i m e n t s .  
The second  sample w a s  one  t y p e  of  pneumococca l  c a p s u l a r  
p o l y s a c c h a r i d e  (PCP) o b t a i n e d  from L e d e r l e  L a b o r a t o r i e s ,  Pear l  
R i v e r ,  N e w  York .  PCP t y p e  6 had a d i s t i n c t l y  h i g h e r  m o b i l i t y  
t h a n  HbA w i t h  min ima l  v a r i a t i o n  a n d ,  a l t h o u g h  n o t  c o l o r e d ,  c o u l d  
b e  d e t e c t e d  i n  l o w  c o n c e n t r a t i o n s  i m m u n o l o g i c a l l y .  The p u r i t y  of 
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t h e  PCP was d e t e r m i n e d  by s p e c i f i c  a n t i b o d y  t e s t s .  S i n c e  i t  is  
known t h a t  t h e  PCP's h a v e  m u l t i p l e  r e p e a t i n g  u n i t s  of t h e  b a s i c  
s a c c h a r i d e  c h a i n ,  an  a t t e m p t  was made t o  o b t a i n  PCP w i t h  c o n s t a n t  
molecular w e i g h t  u s i n g  c h r o m a t o g r a p h y  and l a b o r a t o r y  c o n t i n u o u s  
f l o w  e l e c t r o p h o r e s i s .  
The b u f f e r  s e l e c t e d  by ElDAC f o r  l a b o r a t o r y  and  f l i g h t  
e x p e r i m e n t s  was 2 mM b a r b i t a l  c o n s i s t i n g  o f  0.386 m g / m l  sod ium 
b a r b i t u r a t e ,  0.070 m g / m l  b a r b i t u r i c  a c i d ,  and 50 p g / m l  g e n t a m y c i n  
s u l f a t e ,  p H  8 . 3  and e l e c t r i c a l  c o n d u c t i v i t y  160 umho/cm a t  25 O C .  
2.3 Samples and Buffer  for STS-7 
Monodi spe r se  p o l y s t y r e n e  l a t e x  (PSL) p a r t i c l e s  less 
t h a n  1 . 0  Dm i n  d i a m e t e r  were c h o s e n  t o  m i n i m i z e  s e d i m e n t a t i o n  and 
e l i m i n a t e  a n y  r e q u i r e m e n t  f o r  r e s u s p e n d i n g  t h e  sample  d u r i n q  
f l i g h t .  T h r e e  p a r t i c l e  s i z e s  w e r e  u l t i m a t e l y  c h o s e n ,  and t w o  o f  
t h e  p a r t i c l e  p o p u l a t i o n s  were dyed t o  e n h a n c e  p h o t o q r a p h i c  d e t a i l  
and a i d  i n  e x p e r i m e n t a l  a n a l y s i s .  
The l a t e x  p a r t i c l e s  w i t h  t h e  h i g h e s t  m o b i l i t y  ( n o m i n a l  
d i a m e t e r  o f  0.56 u m )  were dyed  r e d ;  t h e  p a r t i c l e s  w i t h  t h e  
lowest m o b i l i t y  ( n o m i n a l  d i a m e t e r  0.80 u m )  were dyed b l u e .  The 
p a r t i c l e s  w i t h  i n t e r m e d i a t e  m o b i l i t y  ( n o m i n a l  d i a m e t e r  
0 .30 u m )  were n o t  d y e d .  The l a t e x e s  were t h e n  s u s p e n d e d  i n  t h e  
c u r t a i n  b u f f e r  c o n t a i n i n g  B r i j  u s i n g  a p r o c e d u r e  o f  b u f f e r  
exhange  w i t h  f i l t r a t i o n .  A p p r o p r i a t e  vo lumes  o f  e a c h  l a t e x  were 
combined t o  y i e l d  e q u a l  c o n c e n t r a t i o n s  f o r  t h e  f i n a l  f l i g h t  
sample w i t h  t h e  f o l l o w i n g  p rope r t i e s :  t o t a l  l a t e x  c o n c e n t r a t i o n ,  
5 .0%;  pH, 5 .6%;  and c o n d u c t i v i t y ,  155  f Spmhos/cm. The 
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conductivity of a second sample of PSL was increased 
approximately three times that of the initial sample to 4 5 5  f 5 
mhos/cm usinq 0.10 M NaC1, while rnaintaininq a total latex 
concentration of 5.0% by weiqht. 
T h e  curtain buffer was prepared from a l0OX stock 
solution of 225 mM sodium propionate, p H  5.2 by lOOX dilution 
with distilled water to qive a 2 2 5  mM soliltion of pH 5.0 and 
conductivity of 1 4 0  f 5 Pmhos. Laboratory tests were initially 
performed with a noionic surfactant, 0.05% w/v Rrij 35 
(polyoxyethylene lauryl ether 35) added to the sample and curtain 
buffer. Shortly before fliqht, however, it became necessary €or 
MDAC to remove the Rrij from the curtain buffer. Since the 
sample latex had been selected according to their separation in 
buffer with Rrij, the fliqht samples included Rrij in the 
suspension medium althouqh Rrii was excluded from the curtain 
buffer. 
3.0 Space Electrophoresis-Experiments 
The two samples processed in the first NASA space experiment 
on CFES were ( 1 )  a hiqh concentration of hemoqlobin alone and ( 2 )  
a mixture of polysaccharide and hemoqlobin at a lower 
concentration. The band behavior obtained from processinq the 
single species was used to define the performance of the space 
instrument. The low concentration mixture, 1.9% Hb and 0.58 PCP- 
6 ,  althouqh still higher than can be processed at hiqh resolution 
on Earth would permit a comparison of the separations achieved 
before flight in the various laboratory units. 
.I 
In orbit, the NASA hemoqlobin sample of 8.7% concentration 
was processed first to establish the initial C F E S  performance. 
The hemoqlobin experiments each started with an initial zero 
voltaqe seqment. The sample band spread only sliqhtly durinq its 
8 minute passaqe throuqh the chamber which can be attributed to 
diffusion. 
was applied €or an interval of about 32 minutes in order to 
establish steady state conditions. Photoqraphs of the 
electrophoresis runs were taken at sample insertion, midway up 
the chamber and at the collection end. A portion of the 
separated samples were also collected for later analysis. 
After the zero run, an electric field of 25 V cm-' 
Photoqraphs of the hiqh concentration YbA, taken at the same 
chamber reqion are shown in Fiqure 2 with the time in hours and 
minutes shown in the lower riqht hand corner of each picture. 
Fiqure 2a shows the zero voltaqe position of the sample stream. 
With the cathode on the left, the sample should proceed only 
toward the riqht to the anode when the electric field is 
applied. However, Fiqures 2h-2d were taken over a period of ten 
minutes and show that the band spreadinq is so extensive that 
some of the sample is in a retroqrade miqration. This condition 
could only exist if the sample spread in the chamber thickness 
past the electroosmotic stationary layer. Rased on comparison of 
the photoqraphs there appears to be a build up of sample near the 
walls as the more intense color of the later photoqraph seems to 
suqqes t . 
After completinq half the MDAC proprietary samples, the 
second NASA preparation, the HbA and P C P  mixture, was 
14 
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processed. Although faint, the stream was more compact with 
little indication of spreadinq. The miqration of the leadinq 
edqe of the sample was rouqhly the same as in the previous 
experiment. However, there does not appear to be the large 
retroqrade miqration observed in the hiqh concentration 
experiment. 
In addition to the photoqraphs just described, the sample 
was collected €or the two experiments. The entire fluid output 
of the space chamber was collected, as noted previously, durinq 
the middle of each separation run in 197 small (1.5 ml) 
polypropylene pockets arranqed in a steel tray. The trays 
containinq the NASA samples were analyzed for hemoqlobin and 
polysaccharide with the results shown in Figures 3 and 4 .  
Fiqure 3 shows a very broad sinqle peak with some sample 
deflected toward the cathode side of the zero field location. 
However, this does not show the total amount of retroqrade sample 
miqration, since some of the sample near the walls clearly 
remained in the chamber. This is apparent by observinq the color 
extendinq to the left (cathode) wall in Fiqure 2d. 
Fiqure 4 shows a separation of the low concentration 
hemoqlobin and polysaccharide. The separation, however, was not 
as distinct as obtained in the laboratory CFES or in the Desaqa 
FF48 [lll. A l s o ,  none of the Earth-based laboratory experiments 
had sample appear on the cathode side of the zero field 
location. It is interestinq to note that Fiqure 4 shows about 
the same amount of retarded and retroqrade sample between tubes 
#28 and #55 as observed for the high concentration experiment in 
Figure 3 .  
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The same procedures were followed with the polystyrene latex 
samples on the next fliqht, STS-7. The results o f  the earlier 
fliqht demonstrated considerable band broadeninq when the sample 
conductivity was approximately three times that of the curtain 
buffer. These results, as well as prior qround-based data, 
provided the justification for the desiqn of the STS-7 experiment 
which evaluated the relationships between the sample and curtain 
buffer properties and the fractionation resolution. 
Fiqure 5 shows a series of photoqraphs of the unmatched 
sample conductivity (left side) and matched sample conductivity 
(riqht side). These photographs are of the separated latexes 
just before enterinq the collection tray at the top of the 
CFES. The band distortion and spreadinq of the PSL samples when 
the conductivities of the samples and curtain were not matched is 
evident from the photoqraphs and was confirmed by analysis of the 
collected fractions (Fiqure 6). 
4.0 Discussion and Conclusion 
These two experiments in the MDAC CFES were intended to 
confirm two previous space observations: only electrophoresis 
and electroosmosis determined particle migration in an electric 
field durinq zone electrophoresis on Apollo 16 and 
electrophoresis was independent of sample concentration with 
albumin up to 20% on STS-4. Instead, these experiments showed 
that the previous conclusions were too simplistic. 
First, the sample insertion disk used for the Apollo zone 
electrophoresis experiments is not a valid model for the sample 
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f i l a m e n t  c o n f i g u r a t i o n  of c o n t i n u o u s  f l o w  e l e c t r o p h o r e s i s .  
Second ,  i n c r e a s i n g  t h e  q u a n t i t y  of p r o t e i n  or  l a t e x  p a r t i c l e s  
added  t o  t h e  e l e c t r o p h o r e s i s  b u f f e r  t o  c o n s t i t u t e  t h e  sample a l s o  
p r o p o r t i o n a l l y  c h a n g e s  t h e  e l e c t r i c a l  p r o p e r t i e s  of t h e  s a m p l e  
and  t h i s  h a s  a s i g n i f i c a n t  i m p a c t  on t h e  s u b s e q u e n t  
e l e c t r o p h o r e s i s  o f  t h a t  s ample  by c o n t i n u o u s  f l o w  
e l e c t r o p h o r e s i s .  
The p r e d i s p o s i t i o n  of  t h e  a n a l y s i s  made t h e  i n t e r p r e t a t i o n  
of t h e  t w o  separa te  b u t  complemen ta ry  m i c r o g r a v i t y  e x p e r i m e n t s  
more d i f f i c u l t .  The hemoglobin  samples were done  f i r s t  i n  space, 
b u t  the  p a t t e r n  of t h e  c o l l e c t e d  sample d i d  n o t  f i t  o u r  m o d e l .  
A l t h o u g h  t h e  hemoglobin  had a s i n g l e  e l e c t r o p h o r e t i c  m o b i l i t y ,  
t h i s  m o b i l i t y  c o u l d  n o t  b e  measured  w i t h  p r e c i s i o n  i n  t h e  
b a r b i t a l  b u f f e r .  T h i s  made any es t imate  of electroosmosis 
s u b j e c t  to  error  and t h u s  t h e  band s t r u c t u r e  of  t h e  h i g h  
c o n c e n t r a t i o n  o f  hemoglobin  was n o t  u n d e r s t o o d .  
Dur ing  t h e  p a s t  y e a r ,  a more d e t a i l e d  a n a l y s i s  o f  t h e  
hemoglob in  e x p e r i m e n t  h a s  l e d  t o  t h e  f o l l o w i n g  p r o b a b l e  s e q u e n c e  
of e v e n t s .  The 9% hemoqlobin  sample  added t o  t h e  2 mM b a r b i t a l  
b u f f e r  (pH 8 . 2 )  r e d u c e d  t h e  o v e r a l l  s a m p l e  pH t o  7.5.  S i n c e  t h e  
pK of  t he  b a r b i t u r i c  i o n  is 7 . 8 ,  less t h a n  h a l f  of t h o s e  i o n s  i n  
t h e  s a m p l e  were i o n i z e d .  As s o o n  a s  t h e  sample  e n t e r e d  t h e  
chamber  and t h e  r e g i o n  of t h e  e l e c t r i c  f i e l d ,  t h e  p o s i t i v e  sodium 
i o n s  had t o  c a r r y  most o f  t h e  c u r r e n t  so Na' r a p i d l y  b u i l t  up a t  
t h e  rear  of t h e  sample. T h i s  l e d  to a hemoglobin  s a m p l e  w i t h  
r e d u c e d  c o n d u c t i v i t y  i n  t h e  f r o n t  o f  t h e  band and h i g h e r  
c o n d u c t i v i t y  i n  t h e  rear .  The s i g n i f i c a n c e  of  t h i s  c o n d u c t i v i t y  
22 
distribution in causinq the dispersion of the hemoqlobin in space 
was not determined until after the polystyrene latex 
distributions in space were analyzed. 
Electrophoretic mobilities of the polystyrene latex were 
measured in a microscope electrophoresis instrument for the next 
fliqht experiment but the sample bands still did not fit the 
anticipated distribution. The sample with hiqher conductivity 
showed the expected broader spread but an attempt to fit the 
shape of the sample distribution into the nested crescents formed 
by electroosmosis was only partially successful. 
The resultinq sample qeometry may be the product of a 
phenomena first reported by Sir Geoffrey Taylor [131 describinq 
the distortion which occurs when an electric field is applied to 
a conduetinq drop suspended in a liquid o f  lower conductivity. 
The elonqation of the drop parallel to the field is analoqous to 
the spread of the hiqh conductivity polystyrene latex sample in 
the center-plane of the chamber when the electric field was 
applied. Ground-based experiments and a theoretical analysis of 
contindous flow electrophoresis based Lzpon Taylor's framework now 
appears to confirm this analoqy. The polystyrene latex 
apparently did not reach the vicinity of the chamber walls where 
electroosmosis would dominate. Instead, the sample was smeared 
by the conductivity mismatch with the surroundinq electrophoresis 
buffer. 
A plausible model of the hemoqlobin sample can also be 
obtained from Taylor's drop analysis. Since a low conductivity 
drop in a hiqher conductivity liquid elonqates perpendicular to 
23 
an applied electric Eield, the low conductivity front of the 
hemoqlobin sample spread perpendicular to the field and 
approached the chamber walls where electroosmosis carried the 
hemoglobin toward the cathode. At the rear of the hemoglobin 
sample, the hiqher conductivity caused a sample spread in the 
chamber center-plane similar to the polystyrene latex. Thus, the 
collected hemoglobin distribution shows some sample spread by 
electroosmosis and a broad but uniform concentration of 
hemoqlobin near the front of the electrophoresis pattern. 
This qualitative model of the space experiments is an 
attempt to explain the observed results of past experiments. 
When CFFS is operated aqain on the Shuttle it will be important 
to conduct additional experiments to test the sample distortion 
predicted by Taylor. 
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